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FIRST QUARTERLY STATUS REPORT 4 

Request No, R-05-030-001 
f o r  the  period 1 February-30 Apr i l  1965 

During the  first qua r t e r  of the  con t r ac t  period, work was done 

on the  problems I11 1 - 2, I11 4 - 6 of the  con t r ac t  proposal, and 

some work necessary f o r  I11 3, I11 7 .  The state of progress i n  the  

s o l u t i o n  o f  the  d i f f e r e n t  spec i f i c  problems i s  as follows: 

I11 1, 2. Quan t i t a t ive  ca lcu la t ions  of  the  i n t e r f a c i a l  energy and 
the  nucleat ion probabi l i ty .  

A l l  a n a l y t i c a l  work except t h a t  t o  be done by IBM - Formac has 

been completed. This involves (1) the  formulas f o r  t he  i n t e r f a o i a l  

energy as func t ion  of the  s i z e  and shape of t he  c rys t a l ,  i t s  

orientation, it8 miefit  and e last io  parameterr, (2) the equation8 

. ,  

!. . 

f o r  the  equi l ibr ium form of the  c r y s t a l  as funot ion of the parameters 

mentioned above and as func t ion  o f  the  surface energy of nuc lea t ing  

' 

c r y s t a l  and subs t ra te ,  (3) the  Gibbs f r e e  energy of t he  equi l ibr ium 

form and i t s  second de r iva t ive  as func t ion  o f  the  parameters mentioned 

above, and (4) t he  number of atoms per  nucleus as funct ion of  super- 

s a tu ra t ion .  Programming of t he  formulas i s  present ly  being s t a r t e d .  

I11 3. Comparison of theory and experiment. 

It has been found r ecen t ly  that the  ep i taxy  of f.o.c, metals on 

N a C l  depends s t rongly  upon the h i s to ry  of the  N a C l  surface and t h e  

vacuum condi t ions  during deposit ion.  

comparison with theory which does not  d i r e c t l y  provide f o r  such a 

dependence, it is  necessary t o  Obtain an understanding of this 

I n  order  t o  make a meaningful 

dependence. With t h i s  goa l  i n  mind, ep i taxy  experiments with Au on 
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N a C l  were performed i n  an  ultra-high vacuum e l e c t r o n  d i f f r a o t i o n  

system with a base pressure of 2 x 10 -10 t o r r .  The r e s u l t s  t o  da te  
* 

suggest t w o  possible  causes f o r  the inf luence of the  h i s to ry  of the 

surface and of the  vacuum condi t ions on epitaxy: e i t h e r  the  secondary 

agglomeration process o r  the &cleat ion process along s t e p s  is 

influenced. 

between these two p o s s i b i l i t i e s .  

More experiments, now underway, are needed t o  decide 

111. 4. Pyroly t ic  ep i taxy  of graphi te  on c r y s t a l s  with f l u o r i t e  
s t r u c t u r e .  

Considerable d i f f i c u l t y  i s  being encountered i n  reproducing the 

and BaF by decomposition O f  formation o f  e p i t a x i a l  g raphi te  on CaF 

C H ~  a t  temperatures between 8OO0C and ~ ~ O O ~ C  and pressures  from 

5 x 10" t o  1 x 

cause f o r  this lack o f  reproducib i l i ty  i s  present ly  not known, the  
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t o r r ,  both i n  a metal and a glass system. The 

1 
I experiments are continuing. 

111 5. Influence of r ad ia t ion  damage on ep i taxy  on compound c rys t a l s .  
4 

During the  v a r i a t i o n  of  t h e  parameters involved (subs t ra te  3 
f 
1 temperature, e l e c t r o n  beam curren t  densi ty ,  i r r a d i a t i o n  time, 

reoovering time, evaporat ion ra te ,  r e s i d u a l  gas) a s t r i k i n g  

dependence of the nuc lea t ion  process upon r e s i d u a l  gas was discovered. 
\ 

A l l  a t t e n t i o n  s ince  has been d i rec ted  towards tne inf luence of the 

gas on the  nucleation. It was found t h a t  i n  the presence of He, H 
1 ; ; I : , ;  \ 
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and N2, N a C l  grows on N a C l  cleavage planes by simply cont inuing t h e  

o rys t a l ,  while i n  the  presence of COD COz, HzO and C2H2 during 

i r r a d i a t i o n  nuc le i  i n  a d i f f e r e n t  o r i e n t a t i o n  ( ~ l l O ? n u c l e u s  // 

I 



I 
100'lbase> // (llO>base ) are formed. The experiments . 

a r e  continuing. 

111 6. The monolayer growth o f  metals. 
r 

: I  The e a r l y  s t a t e s  of growth of Ag and Au on a fllO? plane of W ' I  
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was studied both i n  a n  u l t r a  high vacuum e l e c t r o n  d i f f r a c t i o n  system 

and i n  a low energy e l e c t r o n  d i f f r a c t i o n  system. The preliminary 

r e s u l t s  i nd ica t e  that the i n i t i a l  l aye r  has a very low degree of 

order  on a c lean  surface,  whi le  on a surface covered with a chemiaorted 

gas l a y e r  or ien ted  c r y s t a l l i t e s  are already formed i n i t i a l l y .  

f i l m s  more than  a monolayer t h i c k  three-dimensional e p i t a x i a l  c r y s t a l s  

I n  t h e  

wi th  the  (1111 plane p a r a l l e l  t o  the  subs t r a t e  a r e  formed. Desorption 

I 
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experiments i n d i c a t e  that t h e  bond between Ag and Au atoms of the  first 

monolayer and the  subs t ra te  i s  not much s t ronger  than between Ag and 
/ 1 -  

I 

L Cu atoms respect ively.  I 

1x1 7. Alkal i  and a lka l ine  e a r t h  f i lms On w and Mo 
i b 

Preliminary s tud ie s  have been made t o  provide w e l l  defined fllO? 
I 

sur faces  of W c r y s t a l s  f o r  these experiments, This involved proper 

i 
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pretreatment of the  c r y s t a l s  t o '  f ree  them from d i s t u r b i n g  impur i t ies  

i n  the  bulk and a t  the  surface and t o  form w e l l  defined adsorpt ion 

layers ,  mainly of O2 and CO. 
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